The current study was aimed to investigate the effect of glucosinolate degradation on the flavor precursors and pungent odors in raw and microwaved rapeseeds. Five isothiocyanates and six sulfur compounds were identified using comprehensive two-dimensional gas chromatography and time-of-flight mass spectrometry (GC× GC-TOF/MS). Comprehensive analysis with headspace solid-phase microextraction (HS-SPME) and aroma extract dilution analysis (AEDA) with altering split ratio showed that 1-isothiocyanato butane, allyl isothiocyanate and 4-isothiocyanato-1-butene were responsible for the sulfur, pungent and green odors in rapeseed oils, due to their high flavor dilution factor. Dimethyl sulfide, dimethyl trisulfide and dimethyl sulfoxide, might be derived from methionine or isothiocyanate rearrangement reactions imparted onion-like, cabbage-like, garlic-like, and sulfurous-pungent odors. Rapeseed samples were heated in a microwave for seven minutes, and the total glucosinolate content decreased from 28.2 ± 0.8 μmol/g to 14.5 ± 0.6 μmol/g in Brassica napus, from 101.2±3.0 μmol/g to 42.2 ± 5.4 μmol/g in Brassica campestris, and from 132.02 ± 9.31 μmol/g to 52.50 ± 6.50 μmol/g in Brassica juncea, compared to untreated ones. Differences in the concentrations of six main odorants and the glucosinolate precursors from genetic types were responsible for the intensity of the pungent odors in raw and microwaved rapeseeds. The result can assist to determine the flavor of the commercial rapeseed oils.
Introduction
Consumer acceptance of commercial rapeseed oils is often determined by the characteristic flavors and the nutrient values of the samples. [1] The flavoring ingredients in the rapeseed oils are mainly generated via fatty acid degradation, Maillard or amino acid degradation and/or secondary metabolites-glucosinolate degradation. [2] Glucosinolates (GLS) are sulfur-and/or nitrogenous secondary metabolites, primarily present in the plants of Brassicaceae family. [3] The pungent flavor in rapeseed oils is usually imparted by glucosinolates. [4] Chemically, glucosinolates are classified as aliphatics, indoles, and aromatic glucopyranoses and oxime derivatives of amino acids (e.g., methionine, phenylalanine, and tryptophan).
trisulfide, and methanethiol were determined in cabbage, which contributed to onion, cabbage, and sulfur pungent odors. [8] In China market, traditional rapeseed was usually contain pungent and irritating smell. The molecule source of the odor, however, is not clear enough in rapeseed oil.
Headspace solid phase microextraction (HS-SPME) coupled with gas chromatography-mass spectrometry (GC-MS) is the most popular method for analyzing the volatile aromas in rapeseed oils. Rapeseed oil contains many types of characteristic odors. Seven different isothiocyanates and sulfur compounds were discovered in the commercial rapeseed oils, and four of them were identified as 3-butenyl-, 4-pentenyl-, phenethyl isothiocyanate, and 5-vinyl-2-oxazolidinethione. [9] Jeleń et al. evaluated the effects of storage time and temperature on the content and distribution of volatile compounds in the refined and cold-pressed rapeseed oils both at ambient and elevated temperature. [10, 11] Flavors are usually analyzed by sensory, instrumental, or a combination of both techniques. Utilizing the aroma extract dilution analysis (AEDA), Guth and Grosch evaluated the contribution of each aroma compound for developing the final odor in refined rapeseed oil and detected the following compounds, namely (Z)-1,5-octadien-3-one, 1-octene-3-one, (Z)-2-nonenal, (E)-2-nonenal, 3-methyl-2,4-nonandione, and trans-4,5-epoxy-(E)-2-decenal with high FD factors (≥16). [12] Matheis et al. detected 53 aroma compounds with FD factors ranging from 8 to 2048 in rapeseed oil, where dimethyl sulfide showed the highest FD factor of 8 among asparagus-like flavors, and methyl propanal (malty odor) had the highest FD factor of 4 for the oils with fusty/musty off-flavor. [13] Then, the same group identified dimethyl trisulfide, dimethyl sulfide, pyrazines and aldehydes in a local commercial cold-pressed rapeseed oil from unpeeled seeds by solvent-assisted extraction and aroma extract dilution analysis, and characterized them using the sensory omics approach. [14] In another study, a distillate of roasted (200°C, 10 min) white mustard seed was analyzed by a similar method. [15] Dimethyl trisulfide was found to impart a cabbagelike flavor to roasted Brassica seeds. Raw or roasted from mustard seeds and rapeseeds were analyzed by static headspace and aroma dilution analysis. In their result, the dilution factors of the compounds showed different values depend on extraction and dilution methodology.
Microwave-assisted heating method is employed for improving the comprehensive qualities, like the oil extraction rate, oxidation stability, and nutritional quality in rapeseed oils. [16] [17] [18] Some of the previous studies have reported the relationship between glucosinolate degradation and the pungent odor in cold pressed rapeseed oil. [14, 19] The sulfur compounds from rapeseed oils possess low threshold and strong odor. Very few studies have reported the distribution of glucosinolates, volatile isothiocyanates and sulfur compounds, and pungent odor difference in different genetic types of rapeseed. In this study, we investigated the presence of pungent aroma compounds in raw and microwave heated Brassica napus, Brassica campestris, and Brassica juncea rapeseed samples. The main aim is to explain the relationship between the samples and pungent odors.
Materials and methods

Materials and chemicals
Brassica napus samples (about~30 µmol/g glucosinolate of fat free, 41.7% fat content; 6.9% moisture content) were procured from Zhongyou Sunshine Seeds Co., Ltd. (Wuhan, P. R. China), Brassica campestris samples (about~102 µmol/g glucosinolate of fat free, 47.7% fat content, 6.4% moisture content) were procured from the Oil Crops Research Institute, Chinese Academy of Agricultural Sciences, Wuhan City, P. R. China, and Brassica juncea samples (about~130 µmol/g glucosinolate of fat free, 36.9% fat content, 6.9%, moisture content) were procured from the Institute of Economic Crops, Xinjiang Academy of Agricultural Sciences, Xinjiang Province, P. R. China.
Reagents
Analytical reagents were purchased from the National Drug Reagent Company (Shanghai, P.R. China); acetonitrile and methyl alcohol of chromatographic grade were purchased from Merck & Co., Ltd.
(Darmstadt, Germany); 2-methyl-3-heptanone, sinigrin, and DEAE Sephadex were obtained from Sigma-Aldrich (USA); Glucotropaeolin was purchased from ChromaDex Co., Ltd. (USA).
Sample preparation
Two hundred grams of each rapeseed variety was heated in a microwave oven (MarsX, CEM, Matthews, NC, USA) at a frequency of 2450 MHz at a medium power of 400 W for 7 min, and the heating cycle was repeated for 5 times. The microwave-treated rapeseeds were cooled to room temperature, and then both raw and microwave-heated rapeseeds were pressed with an expeller (KOMET CA59G, IBG Monforts Oekotec GmbH & Co. KG, Germany) less than 90 ºC. The centrifuged oils were stored at 4°C for analysis. R-oil was raw rapeseed oil. M-oil was rapeseed oil from microwaved seed. Seed 1, seed 2 and seed 3 were, respectively, on behalf of Brassica napus, Brassica campestris and Brassica juncea.
Identification of targeted compounds
Two grams of oil was placed in a 10-mL headspace glass vial and kept on the auto-heating block at 40°C for 20 min to equilibrate. The volatiles were extracted with the fibers (CAR/DVB/PDMS, 2 cm) (Supelco, Bellefonte, PA, USA) at 40°C for 30 min. The SPME fibers were desorbed in injection port for 5 min, and the desorbed sample was injected by automatic sample injector (Gerstel, Germany) into the GC at 250°C. Comprehensive two-dimensional gas chromatography coupled with time-of-flight mass spectrometry (GC× GC-TOF/MS) was employed for analyzing the volatile samples (Pegasus 4 LECO, St. Joseph, MI, USA). The extracted compounds were chromatographed using two column system: the first column was DB-5MS (30 m × 250 μm × 0.25 μm), and the second column was DB-17HT (1.9 m × 100 μm × 0.15 μm). The flow rate of the carrier gas (helium) was maintained at 1.0 mL/min. Column 1 was maintained at 40°C (2 min), 5°C/min to 175°C (0 min), and 25°C/min to 245°C (5 min), and column 2 at 60°C (1 min), 6°C/ min to 190°C (0 min), and 25°C/min to 260°C (5 min). The GC/MS transfer line was maintained at 280°C, the modulation time was 4 s, and the time-of-flight mass spectrometer was operated at the mass range of 38 to 388 m/z at 150 spectra/s. Data were collected and processed using LECO® Chroma TOF® v.4.40.2.3. All the samples were analyzed in triplicates. The result was expressed as the peak areas of volatile compounds
GC-O for AEDA analysis
Volatile compounds of the rapeseed oil were identified and characterized by headspace solid phase microextraction and gas chromatography-olfactometry-mass spectrometry. Serial dilutions were employed by changing the split ratio (1:2 n , n = 1, 2, 3, 4, 5. . .) of each aroma extract from SPME until analysis. Spilt volumes were analyzed by GC-O-MS using a 7890GC/5975MS system (Agilent Technologies Inc., Palo Alto, CA) equipped with an olfactory detection port (Gerstel, Germany). DB-5 and DB-Wax column (30 m × 0.25 mm i.d. × 0.25 μm; J&W Scientific) was employed to separate samples with split 1:1 (by column length set) into a sniffing port, while the temperature of the transfer line was maintained at 280°C. The temperature was programmed from 40°C (2 min) to 220°C at a rate of 5°C/min. Helium was used as the carrier gas at a constant flow rate of 2.0 mL/min. The volatile aromas need be sniffed in time. The aroma odor of every split sample was sniffed by three experienced sensory members in order to avoid omission. FD factor was the dilution ratio when the volatile odor is no longer felt.
Flavor evaluation
A panel of four male and six female aroma experience staffs evaluated and described the intensity of the selected odors in raw and microwaved seeds using a seven-point linear scale from 0 (not smell) to 3 (strongly smell). The panelists were trained to detect and describe the odor qualities using different samples and standard compounds. Sensory evaluation was performed at room temperature in a sensory room equipped with single booths. The panelists received the samples (10 g) in glass vessels (adiabatically maintained at 40°2 C), and were asked to rank the intensities of the different aroma-attributes on a seven-point scale (0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0; where 0 indicates 'not perceivable' and 3 indicates 'strongly perceivable').
Individual glucosinolate determination
Rapeseed samples were chilled by liquid nitrogen and immediately crushed by a micro-pulverizer. The crushed rapeseed (200 mg) was placed into a 15-mL centrifuge tube containing 2 mL of 70% hot methanol and 200 μL of 5 mmol/L of internal standard solution. Sinigrin was used as an internal standard for Brassica napus and Brassica campestris, whereas glucotropaeolin was used for Brassica juncea mustard. The samples were kept on an ultrasonic bath at 55°C for 10 min, and then centrifuged at 5000 g for 5 min. The supernatant was collected. The precipitation was extracted with 2 mL of 70% methanol, and the process was repeated twice. The supernatants were combined and diluted to 5 mL with water. The extracted glucosinolates were purified with a 1.5 cm DEAE Sephadex A-25 anion exchange column. The column was washed twice with 6 mol/L of imidazole formate, followed by 1 mL of millipore water. Extracted glucosinolates were washed twice with 1 mL of 0.02 mmol/L sodium acetate. Sulfatase was added to the column, and the reaction was continued for 16 h at 35°C. Desulfoglucosinolates were eluted with 4 mL of millipore water. The elute factor was diluted to 5 mL with millipore water and filtered through a 0.22 μm filter before analysis.
High-performance liquid chromatography 1100 (Agilent, USA) with ultraviolet detector was used to analyze the individual glucosinolate. HPLC program was as follows: phase A was 100% water and phase B was 100% acetonitrile; 100% A run for 15 min, 75% A for next 4 min, and 100% A for next 4.5 min and re-equilibrated. The eluent was monitored at 229 nm (at 2 nm intervals), and the flow rate was 1.0 mL/min. Desulfoglucosinolates were identified by a comparison of their retention times.
Statistical analysis
All the graphs were drawn with Original 9.0.
Results and discussion
Key odors identification of isothiocyanate and sulfur compounds
Comprehensive two-dimensional gas chromatography and time-of-flight mass spectrometry (GC× GC-TOF/MS) identified different volatile compounds including five isothiocyanates and six sulfur compounds with low molecular weight. Two-dimensional GC analysis has extremely advantageous for analysis of volatiles and the off-odor from heated rapeseed oil compared to using different polar columns. [20] In this study, five volatiles isothiocyanates were identified in oils from seed 1 (Brassica napus) and seed 2 (Brassica campestris), including isopropyl isothiocyanate (IITC), allyl isothiocyanate (AITC), 1-isothiocyanato butane (1-ITC), 4-isothiocyanato-1-butene (4-BITC), and cyclopentyl isothiocyanate (CITC); However, IITC and CITC were not detected in Brassica juncea oil (from seed 3). Genetic differences among different Brassica species might be responsible for the variation in isothiocyanate profiles. Daun et al. reported the presence of 3-butenyl-, 4-pentenyl-, phenethyl isothiocyanate in commercial rapeseed oils. [9] Analysis of identified six samples through gas chromatography-olfactometry suggested that the panelists could not sniff isopropyl-isothiocyanate (new) and cyclopentyl-isothiocyanate (new) due to their high thresholds or without odor report. Those two substances contribute little to pungent flavor in rapeseed oil.
The relationships between glucosinolate content and aroma profiles have been studied in broccoli, brussels sprouts and cauliflower. [21] [22] [23] The isothiocyanate derivatives of glucoiberin, sinigrin, and gluconapin were identified by comparing the mass spectra and retention times of those compounds with the previously reported values. [24] Except isothiocyanate, sulfur compounds with low molecular weight also possess strong odors. Methanethiol, a highly volatile compound smells like gasoline; the compound imparts garlic odor to rapeseed oils and "rotten cabbage-like" odor to cabbages. [25] In different studies, dimethyl sulfide (DMS) was reported to smell as "decayed cabbage"; DMS was sniffed identified as "onion" in their study. Dimethyl trisulfide (DMTS), an aroma compound derived from S-methylcysteine, imparts a spoiled and cooked cabbage-like odor to cabbages in the present study. We got the similar conclusion in our smell results, DMS, DMDS, and DMTS impart cabbage and onion which attribute to pungent flavor. In addition, we found that dimethyl sulfone (MS) and dimethyl sulfoxide (DMSO) both have contribution to the pungent odor ( Figure. 1) . However, the contribution of each substance is inconsistent in different samples. Figure 1 . The difference between isothiocyanate and sulfide-containing compounds in raw and microwaved seed oils. 1. Rapeseed oil from raw Brassica napus, 2. rapeseed oil from microwaved Brassica napus 3. rapeseed oil from raw Brassica campestris 4. rapeseed oil from microwaved campestris 5. rapeseed oil from raw Brassica juncea. 6. rapeseed oil from microwaved Brassica juncea.
AEDA analysis and sensory evaluation
AEDA can detect and estimate the contribution of a volatile compound to the pungent aroma in oils. In raw rapeseed oil (Brassica napus), Table 1 present that FD factors were estimated as 64 for allyl isothiocyanate (sulfur, pungent, green), 16 for1-isothiocyanato-butane (sulfur, pungent, garlic) and 128 for 4-isothiocyanato-1-butene (spicy, pungent), respectively. The aroma compound 4-isothiocyanate-1-butene significantly contributed to the pungent odor of the oils, as verified by the AEDA analysis. [20] As previously reported, dimethyl sulphide, methallyl cyanide, dimethyl disulphide, 4-isothiocyanate-1-butene could help differentiate the whole-seed oils from peeled-seeds. [26] In Brassica napus oil, FD factors of dimethyl sulfide (DMS), dimethyl disulfide (DMDS) and dimethyl trisulfide (DMTS) were calculated as 32, 8 and 64, respectively, in microwaved oils, and these values were significantly higher than cold pressed oils as heating can significantly catalyze the formation of these compounds. Dimethyl sulfide is derived from methionine. FD factors of isothiocyanates were not reported in previous studies due to low glucosinolates content in rapeseed oils. In Brassica campestris oils, FD factors of 4-isothiocyanato-1-butene were highest in pungent odor, up to 256. In Brassica juncea oil, DMS, DMDS and DMTS can reach to 4, 32 and 4 in raw and microwaved oils. In addition, allyl isothiocyanate was, respectively, 128 and showed intense pungent oil which was observed different from the other two genotypes.
The FD factors of methanethiol in cold pressed and microwaved oils were estimated as 2 and 8, 2 and 4, 2 and 4, respectively, in three seed, hence it has the contribution is limit. FD factor of dimethyl sulfoxide (DMSO) was increased from 8 to 64 after heating in Brassica napus oil. Higher FD factor of dimethyl sulfide (DMS) in cold-pressed rapeseed oil was reported in various studies. For example, Dimethyl sulfide (FD = 128) was identified in cold-pressed rapeseed oil from peeled seeds using polar and non-polar columns. Eight odorants with FD factors between 4 and 2048 were identified, of which FD in Dimethyl trisulfide was 16. Dimethyl disulfide is derived from S-methylcysteine sulfoxide by the action of cysteine sulfoxide lyase, and the compound was not sniffed when the dilution is equal to 8 as Matheis's report. [14] Trained experienced sensory members compared and ranked the aroma profiles of different rapeseed oils by their aromatic scores from 0 to 3 ( Figure. 2). The grassy, green, cabbage-like, malty odor attributes were similar in all samples. All oil samples were sniffed as 'oily' and 'herbaceous', but the intensities of 'roasted' and 'almond' aroma odors differed significantly in various samples. This phenomenon agreed with the result of FD factors analysis. In the sensory evaluation, there are two big differences between three oils. For one, pungent and sulfur odor in seed 3 was strongest. For another, cabbage-like was most obvious in seed 1 than seed 2 and seed 3. After 7 min microwave treatment, the cabbage-like in three oils were stronger than raw oils, but the pungent like odor was weaker than before.
Change of glucosinolates as volatile flavor precusor
The total GLS levels in seed 1 (Brassica napus), seed 2 (Brassica campestris) and seed 3 (Brassica juncea) were 28.22 ± 0.78 μmol/g, 101.15 ± 2.95 μmol/g and 132.02 ± 9.31 μmol/g, respectively (Table 2 ). Thirteen different glucosinolates (progoitrin, epi-progoitrin, glucoraphanin, gluconapoleiferin, gluconapin, hydroxyglucobrassicin, glucobrassicanapin, glucotropaeolin, glucobrassicin, gluconasturtiin, 4-methoxygluconasturtiin, neoglucobrassicin, and sinigrin) were identified in the three ecotypes using high-performance liquid chromatography-mass spectrometry technology. Glucosinolates can be grouped into three chemical classes depending on their amino acid precursors: methionine, tryptophan, or aromatic amino acid (tyrosine or phenylalanine). [27, 28] Methionine-derived glucosinolates are found in Brassica species. [29] The Brassica samples contained 8 aliphatic, 3 indolyl, and 2 aromatic glucosinolates, which was agreed with Elbeltagi's study [19] ; though, the total glucosinolate content was lower (4.40 to 5.90 µmol/g) in their study. The contents and odor intensities of degradation products generally depend upon the precursors.
In the three genetic type of rapeseed, progoitrin (aliphatic glucosinolate), gluconapin (aliphatic glucosinolate), 4-hydroxyglucobrassicin (indolyl glucosinolate), and sinigrin (aliphatic glucosinolate) were the most abundant glucosinolates. Sinigrin is the characteristic glucosinolate in Brassica juncea. The individual components of Brassica napus and Brassica campestris were significantly different. The major glucosinolates in raw Brassica napus L. were progoitrin (9.29 ± 0.23 μmol/g), gluconapin (5.64 ± 0.11 μmol/g), and 4-hydroxyglucobrassicin (5.39 ± 0.04 μmol/g), which accounted for 72.00% of the total content. In raw Brassica campestris, progoitrin (6.00 ± 0.12 μmol/g), gluconapin (74.23 ± 2.11 μmol/g), and 4-hydroxyglucobrassicin (3.83 ± 0.12 μmol/g), and glucobrassicanapin (9.77 ± 0.21) constituted 89.85% of the total glucosinolate content ( Figure. 1) . Sinigrin (126.93 ± 8.21 μmol/g), gluconapin (3.14 ± 0.09 μmol/g) and 4-hydroxyglucobrassicin (9.77 ± 0.21 μmol/g) were the major glucosinolates in Brassica juncea.
The glucosinolates in rapeseed oils were degraded depending on enzymatic action and the thermal effects during the microwave process. The total glucosinolate content, respectively, decreased to 48.65%, 58.32%, and 60.25% in the three samples after 7 min of microwave heating (200 g, 400 W). Ebrahimi et al. reported that the content of total glucosinolate was decreased by 42%, 55%, and 59%, after 2, 4, and 6 min of microwave heating, respectively, which generally agreed with the outcome of the present study. [30] Differences in the drying temperature and moisture content may be responsible for the difference. The enzymatic degradation depends on the temperature. During the heating process of rapeseed, the myrosinase activity in seeds started at 23°C and achieved the maximum value at 60°C.
The progoitrin, gluconapin and 4-hydroxyglucobrassicin in Brassica napus was, respectively, decreased from 9.29 ± 0.23 to 6.42 ± 0.23 μmol/g, 5.64 ± 0.11 to 4.08 ± 0.10 μmol/g and 5.39 ± 0.04 to 2.01 ± 0.05 μmol/g. After pressing, the peak area (10 6 ) of 4-isothiocyanato-1-butene (4-BITC) was 11.4 ± 0.56 to 1.74 ± 0.21. The peak area (10 6 ) of allyl isothiocyanate (AITC) in oil was from 5.63 ± 0.01 to 0.11 ± 0.00, meanwhile 1-isothiocyanato butane (1-ITC) from 0.8 ± 0.05 to 0.07 ± 0.02. The content of main individual glucosinolate in seed 2 was ranged from 6.00 ± 0.12 to 2.11 ± 0.12 μmol/g, 74.23 ± 2.11 to 35.67 ± 4.90 μmol/g, 9.77 ± 0.21 to 2.33 ± 0.02 μmol/g and 3.83 ± 0.12 to 2.33 ± 0.02 μmol/g, respectively, in progoitrin, gluconapin, glucobrassicanapin, and 4-hydroxyglucobrassicin. The outstanding contributors-4-BITC, AITC, and 1-ITC all have a great decrease in oils. One of progoitrin degradation products was confirmed as 3-hydroxy 4,5-epithio pentanenitrile. [24] However, gluconapin is converted to 4-isothiocyanato-1-butene. The peak area decrease of 4-isothiocyanato-1-butene may be caused by the content of gluconapin in seeds. In addition, 4-hydroxyglucobrassicin is belong to indolyglucosinolates which are often quantitatively dominating in vegetative parts of cruciferous plants as rape and cabbage, however, relate degradation products were not be identified.
Sinigrin is hydrolyzed by myrosinase enzyme to allyl cyanide and AITC. Sinigrin content in microwaved Brassica juncea was decreased from 126.93 ± 8.21 μmol/g to 51.45 ± 6.41 μmol/g, but the variation of progoitrin and gluconapin content was limit. The peak area (10 6 ) of AITC in oils was from 128.86 ± 4.51 to 5.35 ± 0.39. 1-ITC were not be detected and no odors were smelled in seed 1 because of the lack of corresponding percusor. In addition, the source of isopropyl isothiocyanate (IITC) and cyclopentyl isothiocyanate (CITC) is not yet clear until now.
Effect of the genetic types and microwave treatment on pungent odors From Figure. 1, there was significant difference on the genetic rapeseed and before and after microwave treatment. The peak area (× 10 6 ) of dimethyl sulfide was creased from 2.89 ± 0.23 to 5.28 ± 0.15, 0.29 ± 0.08 to 0.79 ± 0.07 and 0.21 ± 0.01 to 1.26 ± 0.15 in seed 1, seed 2 and seed 3. The increasing of dimethyl trisulfide from raw rapeseed oil to microwaved ones was 85 folds, 2 folds and 4 folds, respectively, in seed 1, seed 2 and seed 3. The amplitude of variation was close to the report in Katrin Matheis's study. [14] In their conclusion, dimethyl trisulfide was the most important odors in native cold-pressed rapeseed oil. In addition, it could elicit the fusty/musty off-flavor when its content increased.
In addition, dimethyl sulfone and dimethyl sulfoxide were increased from raw oil to microwaved oil ( Figure. 1) . The possible reason was methionine or isothiocyanate rearrangement. The trend of isothiocyanates was opposite to the small molecule sulfur compounds that allyl isothiocyanate, butane, 1-isothiocyanato-and 1-butene, 4-isothiocyanato-were decreased sharply compare microwaved seed oil to raw rapeseed oil, mainly relate to the degradation to the seed glucosinolates.
Isothiocyanates impart a characteristic pungent and sulfurous aroma in Brassica oils. [31] Significant amounts of 4-BITC (pungent odor) was detected in Brassica napus and Brassica campestris, while AITC was detected in Brassica juncea. AITC is a degradation product of sinigrin. AITC in the canola oil might be generated from an unknown source, because canola seeds do not contain sinigrin. AITC possesses a strong mustard odor and spicy smell. [8] In rapeseed, sinigrin is hydrolyzed by myrosinase enzyme to pungent odor AITC, and gluconapin is converted to 44-BITC. In damaged rapeseed cells, the endogenous myrosinase hydrolyzes the precursor molecules, like progoitrin, gluconapin, hydroxyglucobrassicin, and sinigrin, into corresponding volatile compounds. The contents of the hydrolysates (aroma odor) depend upon the content of their type of precursor molecules, which may affect the intensity of the pungent flavor in rapeseed.
Besides volatile isothiocyanates, mono, di, and tri sulfides were found in the three varieties of rapeseed oils including raw seeds and microwaved seed. The glucose moiety of glucosinolate was hydrolyzed to form an unstable molecule. [32] Hydrogen sulfide ions can be easily separated and broken down into isothiocyanates or cyanides, which may further convert into thiols, mono-sulfides, disulfides, and trisulfides in the three Brassica species. The isothiocyanates react with nucleophiles, and the reaction products of isothiocyanates and indol-3-ylmethylglucosinolates are rapidly transformed into indolyl thiocyanates.
In addition, some reports showed the bioactive sulfur compounds were existed in broccoli and other Brassicaceae plants. [33] The glucosinolates and s-methylcysteine sulfoxide are presumed as the precursors of methylthiocyanate and dimethylsulfoxide. [33] The formation of DMSO was possible involvement of glucosinolate products, non-protein bound amino acid and thiol-methyltransferase.
Previous studies have shown that thermal treatment can inactivate the myrosinase enzyme. [34] Sinigrin, progoitrin, and gluconapin are aliphatic glucosinolate, while 4-hydroxyglucobrassicin is indolyl glucosinolate. Aliphatic glucosinolates (but, not indolyl glucosinolates) produce isothiocyanate and oxazolidine after enzymatic degradation. Significant research has been conducted to elucidate the degradation characteristics of the indole oligomers of GLS, which were generated in damaged cells due to temperature fluctuations during the microwave process. Many studies have reported that the glucosinolate continued to degrade because of the thermal effect, even after the myrosinase activity was subsided. [9, 19] Indole glucosinolate −4-hydroxyglucobrassicin was significantly decomposed after 4, 5, and 6 min of heating. [34] During the microwave process, the glucosinolate degradation may range from the effect of myrosinase activity. [35] The residual glucosinolates were hydrolyzed rapidly during the brief exposure of microwaves, and AITC was generated during long exposure of microwaves until the myrosinase activity was subsided. In microwaved seed oils, the cabbage-like in three oils were stronger than raw oils, but the pungent like odor was weaker than before.
Conclusion
The total glucosinolate content decreased to 48.65%, 58.32%, and 60.25% in the three rapeseed samples after 7 min of microwave heating, respectively in Brassica napus seeds, Brassica campestris and Brassica juncea. Their main degradation products, 1-isothiocyanato butane, allyl isothiocyanate and 4-isothiocyanato-1-butene are responsible for the sulfur, pungent and green odors in rapeseed oils, contribute to the high flavor dilution factor. The contribution of isopropyl-isothiocyanate and cyclopentyl-isothiocyanate were due to their high thresholds. Those two substances contribute little to pungent flavor in rapeseed oil. Dimethyl sulfide, dimethyl trisulfide and dimethyl sulfoxide, imparted onion-like, cabbage-like, garlic-like, and sulfurous-pungent odors were smelled. Their possible source was may be derived from methionine or isothiocyanate rearrangement reactions. Differences in the concentrations of six main odorants and the glucosinolate precursors were responsible for the variation in the intensity of the pungent odors in raw and microwaved rapeseeds. The concentrations of glucosinolate and sulfur compounds can be correlated with the intensity of the pungent odor in different genotypes of rapeseed. Isothiocyanate from glucosinolates and sulfur compounds were the main source of pungent odors in rapeseed oils. Pungent odor was obvious in rapeseed oil, which may alter the acceptant of customs. The result can assist to the evaluation of pungent odors in the commercial rapeseed oils and provide a guide to rapeseed oil flavor quality.
